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EDITOR’S RREFACE. 


The Liverpool Marine Riology Committee was constituted 
in 1885, with the object of investigating the Fauna and 
Flora of the Irish Sea. 

The dredging, trawling, and other collecting expeditions 
organised by the (\unniittee have been carried on inter¬ 
mittently since that time, and a considerable amount 
of material, both published and unpublished, has Ixicn 
accumulated. Fifteen Annual Reports of the (Vunmiitee 
and five volumes dealing with the “ Fauna and Flora’’ 
have been issued. At an early stage of the investigations 
it became evident that a Biological Station or Laboratoiy 
on the sea-shore nearer the usual collecting grounds lhan 
Liverpool would be a material assistance in the work. 
Consequently the Committee, in 1887, established the 
Puffin Island Biological Station on the North Coast of 
x\ngle8ey, and later on, in 1892, moved to the more 
commodious and convenient Station at Port Erin in the 
centre of the rich collecting grounds ox the south end of 
the Isle of Man. A new and larger Biological Station and 
Pish Hatchery, on a more convenient site has now been 
erected, and will, it is expected, be opened for work next 
month, July, 1902. 

In these fifteen years’ experience of a Biological Station 
(five years at Puffin Island and ten at Port Erin), 
where College students and young amateurs form a large 
proportion of the workers, the want has been frequently 
felt of a series of detailed descriptions of the structure 
of certain common typical animals and plants, chosen 
as representatives of {heir groups, and dealt with by 
specialists. The same want has probably been felt in other 
similar institutions and in many College laboratories, 
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The objects of the Committee and of the workers at the 
Biological Station have hitherto been chiefly faunistic and 
speciographic. The work must necessarily be so at first 
when opening up a new district. Some of the workers 
liave piiblislied pa])ers on morphological ])oin1s, or on 
embiyology and observations on life-histories and habits ; 
but the majority of the papers in the volumes on the 
“ Fauna and Flora of Liverpool Bay ” have been, as was 
intended from the first, occnpit'd with ihe names and 
characteristics and distribution of the many different kinds 
of maiine plants and animals in our district. And this 
faunistic ’work will still go on. It is far from finished, 
and ihe (\munitlee liope in Ihe future to add greatly to 
the records of the Fauna and Flora. But the papers in 
the present series are (juite distinct from these previous 
publications in name, in treatment, and in purpose. They 
are called the “ L.M.B.C. Memoirs, ’ each treats of 
one type, and they are issued separately as they are 
leady, and will be obtainable Memoir by Memoir as they 
appear, or later bound up in convenient volumes. It is 
hoped that such a series of special studies, written by 
ihose who are thoroughly familiar with ihe forms of which 
they treat, will be found of value by students of Biology 
in laboratories and in Marine Stations, and will be 
welcomed by many others working privately at Marine 
Natural History. 

The forms selected are, as far as possible, common 
L.M.B.C. (Irish Sea) animals and plants of which no 
adequate account already exists in the text-books. 
Probably most of the specialists who have taken part in 
the L.M.B.C. work in the past will prepare accounts of one 
or more representatives of their groups. The following 
have already promised their services, and in many cases 
the Memoir is already far advanced. The first Memoir 
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appeared in October and ike second in December, 1899, 
the third in February, and the fourth in April, 1900, the 
fifth in January, the sixth in March, the seventh in April, 
and the eighth in December, 1901, while this ninth one 
will be ready in July, 1902, and a tenth later in the 
summer ; others will follow, it is hoped, ia rapid succession. 
Probably Arenicola, Patella, Myxine, and the Oyster will 
be ready next. 

Memoir I. Ascidja, W, A. Ilerdman, 00 pp., 5 PLs., 2s. 

,, II. CARDirM, J. Johnstone, 92 pp., 7 Pis., 2s. (Id. 

,, III. Ecjiints, H. (I ('hadwick, pp., 5 Pis., 2s. 

,, IV. (JoDiUM, R. J. 11. Gibson and Helen Auld, 
2(1 [)p., M Pis., Is. Gd. 

„ V. Alcyoxmitm, S. j. Hickson, GO pp., o Pis., Is. Gd. 
„ VI. Lepeopjjtiikikus anj) Lebn^:a, Andrew Scott, 
G2 pp., 5 Pis., 2s. 

„ VI1. Lineus, R. 0. Punnett, 40 ])p., 4 Pis., 2s. 

,, VIII. Plaice, F. J. Cole and J. Johnstone, 260 pp., 
11 Pis., 7s. 

„ IX, Ciioxniius, 0. Y. Darbishire, 50 pp., 7 Pis., 
2s. Gd. 

Arenioot.a, j. H. Ashworth. 

Myxjne, F. j. Cole. 

IhicciNUM, W. 13. Randles. 

JRjuxila, Laura R. Thornely. 

Patella, J. R. A. Davis and H. J. Fleure. 
Oyster, W. A. Herdman and J. T. Jenkins. 
OkStracod (Cythere), Andrew Scott. 
Dendronotus, j. a. Clubb. 

Peridinians, G. Murray and F. G. Whitting. 
Zostera, R. j. Harvey Gibson. 

Himanthalia, C. E. Jones. 

Diatoms, F. E. Weiss. 

Fucxjs, J. B. Farmer. 
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HoTiiVLLoiDEs, W. A. Ileidman. 

(Ji TTLE-FisH (Eledonk), W. E. Hoyle. 

C ALAN us, I. C, Thompson. 

Actinia, J. A. Clubb. 

Hyuroid, E. T. Browne. 

('ALCAREoi s SvoNGE, K. Hanitsch. 

Antedon, H. 0. Chadwick. 

Porpoise, A. M. Paterson. 

Gammarus, M. Ciissans. 

In addition to these, other Memoirs will be arranged 
for, on suitable types, such as Sagitta (by Mr. Cole), a 
(vestode and a Turbellarian (by Mr. Shipley), Carcinus, 
an Isopod, and a Pycnogonid (probably by Dr. A. II. 
Jackson). 

As announced in the preface to Ascidia, a donation 
from Mr. F. H. Gossage of Woolton met the expense 
of preparing the plates in illustration of the first few 
Memoirs, and so enabled the Committee to commence 
the publication of the series sooner than would otherwise 
have been possible. Other donations received since from 
Mr. (Jossage, from the PublicatioiiH Committee of the 
Victoria University, and from Mrs. Holt, are regarded by the 
Committee as a welcome encouragement, and have been a 
great help in carrying on the work. 


University College, Liverpool, 
JmiCy 1902 . 


W. A. Herdman. 
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I.—INTRODFCTIOX. 

The Rhoclopliyceae are a veiy distinctive class in the 
Eupliycoflo or Alga^, which form a sub-division of the 
Thallophyta. Tlioy are separated from the other classes 
of the Euphyceie by their reddisli or violet colour. This 
colour is produced by the green chlorophyll being obscured 
by a red colouring matter, called Phyccprythrin. The 
Rhodophycea.^: embrace two sub-classes, namely, the 
Bangiales and the Eloride.e. The representatives of the 
former have very simple and undifferentiated filamentous 
or membranous multicellular bodies. The sexual organs 
are extremely simple. The Florideiie have multicellular 
bodies, consisting usually of much-branched rows of cells, 
which often form plants of good size and firm structure. 

To the sub-class Florideac belongs the subject of this 
memoir, Chondriis crispns, the Irish Moss. With the 
exception of nine genera, five of which are confined to 
freshwater, the Floridese are exclusively marine plants. 

The arrangement of the natural orders of the Floridese 
into series is dependent on the various methods by which 
the fruit develops after the fertilisation of the female 
organ. It is unnecessary to refer to the subject in detail 
here. It must suffice to say that the natural orders are 
arranged in four series, namely, the Nemalionales, the 
Gigartinales, the Rhodymeniales and the Cryptonemiales. 

The natural order to which Chondrus belongs is that 
of the Gigartinacese, one of the Gigartinales. The only 
other order of this series, the Acrotylaceee, differs from 
the Gigartinacese in the arrangement of the asexual spores 
in their mothercell. The tetraspores of the latter are 
formed by cruciate, those of the former by zonate, 
division. 
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The natural order Gigartinaoeap includes nine British 
genera, namely, (-honfints, (jufarthia, Phyllophora, Steno- 
f/ramme, Oymnoyonf/rua, Ahnfeltia^ Avtinococcm, CallO' 
phyllis and lastly Calhjmcma, Of these the representa¬ 
tives are all fairly well developed plants, with the excep¬ 
tion of the species belonging to the genus AHinoeoccus. 
One of these has been shown to lead a parasitic life on 
PhyUophora Broduei. 

The genera Chondrtia and Gigartina differ from the 
remaining members of the fxigartinaceae in their structure. 
They show internally a very well marked hyphal arrange¬ 
ment of the cells—their internal tissues in the younger 
plants consisting of fairly loose filamentous cells. The 
central iissiies of the other genera are, with the excej)tion 
of Aetlnocoecus, far more compact and pseudoparenchy- 
matous. The species of Chondrm have a flattened plant body 
or thallus. The carpospores in the fruit or cystocarp are not 
surrounded by any special fibrotis integument. The latter 
is one of the distinguishing features of the species of the 
genus Gigartina. 

Chon (Iras rrispns is the only species of its genus 
occurring in British waters, and therefore in the L.M.B.C. 
district. Quite a large number of varieties are dis¬ 
tinguished, but I have not referred to these in this memoir, 
as I consider their recognition to be of no general value. 

The genus Chondrtts was founded by Stackhouse—the 
name crisptis was given to tlie species by Linnaeus. The 
latter, however, placed the species in the genus Ftwus, to 
which he referred almost every seaweed. Stackhouse 
removed the species, aud gave it a place in the genus 
Chondrus, where it has remained ever since. Its name 
therefore runs thus: Chondriin wUpas (L.), vStackh., or, 
according to a certain number of German Algologists, 
Choii^drus erispus, L, sp. They wish to indicate merely 
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the author of the species, the sp.’’ in this case implying 
that Liiineeus was responsible for tlie specific name only. 

Chondrus crUpus grows very plentifully along our sea- 
coast, as long as the sea bottom is rocky. It is usually 
left dry at low tide, when it can be easily obtained. It 
much resembles G'ujariina mammiUosa, from which plant 
it is, however, easily distinguished when in fruit, but not 
so easily wlien stei'ile. (jit/aiiiiui uiannnillosa nearly 
always lias tlie margins of the ilia 1 Ins lobes slightly rolled 
in. Chondru.'^ rrisptfs will probably be ]*(‘cognised fairly 
well by referring to our rial(‘- L Ft should bo carefully 
separated from (ihfartiua m<nnmiU(mi, (i/fjitnogonfjnis nor- 
rrgiens and Phjjlhqdiora nienihrani/olia. 

A few remarks may not be out of place here on the 
collection of material and its preparation for the herbarium 
and the microscope. 

All material collected for an examination of the 
external morphology or the internal structure should be 
gathered fresh. Plants thrown np after a gale are usually 
ill poor condition. A glass jar should be taken on every 
shore collecting expedition, into which the j)lants should 
be put, immersed in sea water, as soon as they have been 
removed from the substratum. The latter can be done 
with a knife, or a bit of the rock may be chipped off. The 
watier in tho jar should not bo allowed to get too warm. 

The height at which the plants were collected should 
•be noted, also the nature of the substratum, and also 
whether the plants were growing exposed on the bare face 
of the rock or in pools. 

In the laboratory the algae should be kept in a dark, 
cool place. It is usually sufficient to put the jars under 
the working table. Proper cultures may be set up, and 
kept for many years, by putting a few seaweeds in a good 
siijed jar, keeping the temperature of the watej: low fn4 
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exposing only to the feeblest light. To examine the external 
morphology of any alga, the specimens should be placed in a 
shallow white dish, and again kept covered over with sea water. 

Before mounting specimens for the herbarium they 
sliould be soaked for a few minutes in fresh spring winter 
to remove as much as possible of the common salt present. 
The phyocerythrin of the Floridoic being soluble in fresh 
winter, too long an immersion in fresh water would destroy 
their colour. After being w’ashed the plant should be put 
between sheets of blotting paj)er, or ])etter, som(» kind of 
filter papiu'. .1 find that so-called common (feiinan filter 
paper answ’ci's very well imleed. This ])aper is v(*rv much 
tougher than most kinds of blotting pa])er, and also a 
good deal cheapen’. A board is put on to tiie top of the 
drying paper, and this is weighted down by a few not too 
heavy stones. In the case of certain alga^, wliicli are more 
delicate than Cltondrus rrispus, it w’ill he necessary to float 
them out in fresli water on to a j)iece of white foolscaj) 
paper. They will usually be found to stick naturally to 
the paper tliey have been mounted on. To prevent their 
sticking to the filter paper some fine muslin is interposed 
between them and the drying papei*. When the plants 
have been pressed for a few days, with a daily change of 
the paper and nnisliii, the weights may be removed for 
twelve liours to allo\v the air to cinmlate more freely for 
drying purposes. All the speciimms should be carefully 
labelled with the name, locality, date, and any short 
remarks which may seem necessary. 

To examine any material under the microscope, it 
should be cut as fresh as possible, and examined in sea 
water. Transverse and longitudinal sections of every part of 
the plant should be cut with a razor, with or without 
clamping the material in pith. The section should then 
be mounted and examined in sea water. Fresh 



6 


spring water or glycerine kills the tissues very rapidly, 
and the former more particularly causesi a great swelling 
up of the cell walls, whereby the appearance of the tissues 
becomes very much distorted. Iodine should frequently 
be employed to test for the presence of starch. For this 
purpose dissolve some crystals of potassium iodide and 
.some of iodine in water. 

Permanent preparations may be made by putting a 
freshly cut section into dilute glycerine, and thence into 
glycerine jelly. Sections may be stained in a solution of 
luemaloxylin ( 1 per cent, solution in water), and then 
mounted in glycerine jelly. When stained, sections can 
also be permanently mounted in (Canada balsam. To this 
end they should, afier staining, be dehydrated in absolute 
alcohol, and after replacing the alcohol by xylol, they are 
mounted in Canada balsam, whieh has previously been 
dissolved in xylol. 

If it is intended to preserve some material in a bottle 
for future examination, it should be fixed in a 1 per cent, 
solution of pierie aeid in water. The material may remain 
in this solution for a few hour.s, and is then washed in 
50 per cent, alcoliol, till the latter no longer becomes 
yellow. Then remove it to 70 per cent, and finally to 
90 per cent, alcohol for preserving. Some glycerine 
(about 25 per cent.) may be added, thus preventing the 
specimens getting too brittle. 

In order to cut sections with the microtome, the portions 
of the plant to be cut must be embedded in paraffin. They 
should be dehydrated in absolute alcohol, left in cedar- 
wood oil till they are quite transparent, and then trans* 
ferred to paraffin at 55^ C. They may be cast in a block 
after about two hours. 

Permanent preparations are, however, useless to a 
student, if smiilai sections have not been previously 
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examined in a fresh condition. The student should, 
furthermore, make drawings of the sections before they 
are permanently mounted. A permanent preparation of 
an alga is often a very poor guide io the condiiioji of 
things obtaining in the living plant. A good drawing, or 
even a careful sketcli of a fresh section is at a later date 
generally a far better reminder of what was seen in the 
living plant than an old glj-ceriiie preparation. 

It is a useful plan to make the drawings on loose sheeis, 
and insert them in the herbarium with the dried specimens. 
It is, of course, necessary to carefully label all slides at 
once. This prevents any possible confusion to which a 
later labelling bj’ memory nearly always leads. 

II.—CHONDRUS GRISPIJS (L.) Stackh. 

The species dhondrus (rispns ha.s now been definitely 
recognised from the introductory description given in the 
preceding part of this memoir, We can therefore proceed 
to the more detailed description of the plant. 

A. —The Exteiijval MoRrHoLoav or the 

YE(iKTATIVE OlUiANS. 

The plant body of Chondrus crispas shows a veiy dis¬ 
tinct morphological differentiation into two paits-*- 
namely, into a shoot and a root. Nevertheless it is 
generally referred to as being a but little differentiated 
thallus, the differentiation not being of (piite the same 
degree and kind which we meet with in the higher plants. 
But it is possible to distinguish very clearly a root from 
a shoot. The latter alone bears the reproductive organs. 

The Root is mainly an organ of attachment. In this 
respect our alga resembles most of the higher aquatic 
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plants. The root is a flat and not very thick plate of 
tissue, wliicli adheres very closely to the rocky substratum. 
i\o food material ap})areiitly is absorbed from the latter. 
There is no reason, however, why the exposed portion of 
the attachment disc should not extract some food material 
from tlie surrounding sea water. It is coloured a faint 
red, and it may therefore assist in the process of assimila¬ 
tion, but only to a limited extent. It is, however, an 
important organ for the storage of food material. It 
grows in circumference along its margin, covering every¬ 
thing that may Jiappen to be attached to the rock and 
extending into any small holes and crevices in the latter, 
thereby acquiring a very irregular shape (PI. III., fig. 9). 
By this means the whole plant gets very firmly attached to 
the sea bottom (see PI. I.) 

Prom tlie flat root disc arise the numerous upright 
SHOOTS. These arc at first undivided and more or less 
cylindrical in transverse section. But they soon become 
flattened, and when they have attained a height of 1*5" 
('1 (‘in.), tliey are always divided. The full grown shoot 
is as a general rule more or less flattened throughout. Its 
lowest end, however, just where it joins the root organ, 
may be cylindrical, but it soon becomes flattened, even if 
only slightly. With its first division the shoot becomes 
very much flattened and very thin. The branching of 
the leafy portion of the shoot is throughout a very regular 
kind of forking. JN'o midrib is formed, the texture of the 
shoot being fairly uniform and almost leathery 
throughout. 

The shape of the separate shoots is very simple and very 
uniform amongst the individuals oven of very different 
localities—be they broad or narrow forms. A fairly long 
and undivided stalk can be distinguished from the much 
divided frond. In the taller plants, found chiefly at low 
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tide, the stalk is very loii^ and very stron*^ (PI. I, figs. 1, 2,3). 
In the forms found higher uj) on tlie seashore, and tliere- 
fore more frequently and longei* cxjiosed, the whole plant 
is smaller and the stalk proportionately shorter, the frond, 
however, is often broader (tig. 4, 5). 

All forms agree in showing a repeated and fairly regular 
bifurcation of the frond into flat lobes, which gradually 
get broader at their further ends. A small indentation 
between two projecting points at the tips of the lobes 
indicates where the next bifurcation will take place. The 
segments of the frond not onh’ become broader, but also 
thinner in texture. The broadening out of the lobes 
causes an overlapping of the segments. 

The colour of tJie frond varies from dark red to light 
pink, and a brownish colour wiUi a dash of jjink. 

The following are some of the measurements taken on 
our jilant. The largest specimens gathered at low-water 
mark are as much as 15-17cni. (0-7") high, with a frond 
12*5cm. (5") across (fig. Ij. The stem in sucli a case 
would measure about T5nim (h» '') in tliickiiess. At higher 
water marks the plants are found in pools only, and not on 
the bare rock, as at the lower tide marks. In the former 
case they aie much smaller in height and grow in very 
close, low tufts. They are, however, usually propor¬ 
tionately very broad (fig. 4, 5). 

The functions of the shoot aie best expressed by the two 
words assimilation and leproduotion. The shoot probably 
is extremely active in absorbing food material from the 
surrounding w'ater. This, however, i.s a point about which 
we know practically nothing of a definite nature. It is 
very difficult to keep marine plants in culture, because we 
do not know what the essential features of the conditions 
are which obtain in their natural haunts. Algae may bo 
kept for a wery long time in fairly dark and cool rooin9 
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in even small glass jars. As a rule, however, they grow 
very slowly and remain sterile, the conditions being pro¬ 
bably very unfavourable. 


It. —Anatomy and Histology of thk 
Vegktativk Organs. 

1.—Anatomy of the Shoot. 

The young upright shoot of ClionJrus crispus shows a 
differentiation into several tissues, which arc, however, not 
very easy to separate at the points where they pass into 
one another (see PI. IL) 

The centre is occupied by very much elongated and 
comparatively narrow cells (fig.T). These central cells 
lead to a tissue further out of shorter and stouter cells, 
from which arise the regular rows of external cells, easily 
distinguished by their red contents. There is no morpho¬ 
logical differentiation of these tissues such as we get in 
the body of a higher, vascular plant—the differentiation 
here being of a purely physiological nature. The external 
cells, distinguished by their dark red colouring form the 
‘‘ assimilating system,’’ the large stout ones next inside 
form the system of “ collecting cells,” the central cells 
form the ''conducting tissue.” The whole arraiigement is 
based on the assimilation, collection and conduction of 
food. The assimilating cells have been called the cortical 
layer, the two other tissues the outer and inner medulla 
respectively. We will employ the nomenclature based on 
the physiological function of the respective tissues, 
although the other terms, cortex, inner and outer medulla, 
are equally good. 

The tissues just mentioned are seen at their best and in 
their most characteristic condition a short distance behind 
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the youngest part of the shoot. The youngest or most 
actively growing part of a shoot is fouiul at the end 
furthest away from tlie basal attachment organ. 

A longitudinal section of a young frond should now be 
cut at right angles to its surface, and rather near a 
median longitudinal line. The material should be fresh 
and the sections should be mounted in sea water. These 
should be examined first, but others can also be 
examined after being mounted in glycerine (50 i)er cent, 
solution in water) or glyeerijie jelly (fig. 7). 

The Central Conducting Cells will he found to be elongated 
in a longitudinal direction. They are fairly narrow, and they 
possess fairly thick walls. The peculiar nature of tlie 
walls becomes very apparent when a section is mounted 
and examined in fresh spring water. In this case, 
owing to the rapid absorption of water by the cell walls, 
the sections rapidly curl up. 

This central tissue of mncli elongated cells resembles 
more a strand of interwoven filaments than a close paren¬ 
chymatous tissue. By this Choiidrus crispns may, as 
already pointed out, be distinguished from the species of 
several allied genera. 15ut it has this feature in common 
with Giijariina mamillom. 

The cells of the conducting tissue are connected with 
one another at certain points. These points become very 
evident if the cell w^alls of a section have been allowed to 
swell up in water or dilute glycerine. The cell walls 
encroach on the cell cavity, leaving only a narrow canal 
of varying length leading apparently from one cell to 
another. A fine wall, which does not swell up, is stretched 
across the canal, thus forming a pit, as we find it in the 
h%her plants. The pit membrane probably allows of the 
cytoplasm of one cell communicating with that of the 
other. On each side of this pit is a small cap, consisting 
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of what ap])oars to he roagulated cytoplasm. The struC- 
hu'o of the pit will he referred to again, when discussing 
ihe liisiology of tlie shoot subsequently. 

Connected with the central elongated cells of the con¬ 
ducting tissue are tlie ('ollecting IVdls. These are much 
shorter than the central cells, and as we pass further out 
they diminish still moie in size. They form a rather 
closer tissue than the conducting cells, and they are 
extensively connected hy pits, with oi* without the above- 
mentioned protoplasmic caps, w’ith any of the neighbour¬ 
ing cells they may come into contact with. The nearer 
we come to the outside tlie more regularly do they come 
to lie in I’ows. Finally there arise from them ihe very 
]’egular rows of Assimilating Cells, whieli run, parallel to 
one another, but are curved upwards and outwards at a 
certain very definite angle witli regard to the longitudinal 
axis of the whole shoot. The assimilating cells possess 
numerous pits, winch are however all destitute of caps. 

The wlioh' body of Chondrus criapuH consists of a com¬ 
plete system of very long and very much hranched hyplia'. 
The assimilating cells form the apical brandies of tlieso 
hypliic. Ah a general rule the divisions in these threads 
Avill take place at right angles to the lojigitudinal axis 
of each cell row. But there is evidence to show that some 
of the divisions arc more or less at riglit angles to this 
dh'ection. Hyphal tissue of this kind has been distinguished 
as plectenchyma. The filamentous nature of the tissues 
becomes very apparent if the growing point of a frond is 
examined in a longitudinal section, when one can see 
spreading out in a fan-shaped fashion the hyphee of all the 
three tissues (Ph II., fig. 6). 

In transvei^se section the cells of a young plant differ 
little in appearance from what is seen in longitudinal 
section, except that the conducting cells appear rather 
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round, but still slightly oval in outline. In the ease of 
the flat frond, tliey are usually elongated in a transverse 
direction and parallel to the two flat surfaces. There is 
no ditference to he noted in Hie otlier tissues. 

1 have already referred to the growing point. It is 
that part of the plant wliere the formation of new cells is 
going on most actively, but it is, strictly speaking, not 
the only part of the ])lant which is growing, (^ell division 
is going on very rapidly in this region, as may be seen by 
looking at the size of the cells. The formation of new 
cells is, however, not confined to this region, but is also 
going on, though probably less rapidly, at the tips of 
nearly all the assimilating cell rows. The innermost cells 
of these rows gradually become collecting cells, and new 
rows of assimilating cells arc formed by branching. New 
cells may also, though rarely, bo formed by short tube¬ 
like cells growing out from older conducting cells. Thus 
far the formation of new cells, as paid of the j)roce 8 s by 
which (liondrus rris^jus grows, has been described. 

The growth in length of the shoot is brought about by 
the cells of the conducting tissue becoming more elongated, 
by the collecting cells becoming larger and in the end 
passing into conducting tissue, finally by the assimilating 
cells gradually ])assiiig into the collecting cells and new 
assimilating cell rows being formed by the branching of 
the older ones. 

The cells of the conducting tissue measure about 8-10/4 
in length at a point about IOO /4 back from the shoot apex, 
at further intervals of IOO /4 they increase on the average 
to 10-14/4, 20 / 4 , 30-40/4, 50/4, being finally 8 O /4 at 
a distance of about 8 OO /4 from the apex. 

The collecting cells, with a measurement of 4-8/4 in 
their longest diameter at a distance of IOO /4 from the 
apex, increase at intervals of IOO /4 to 8 -IO/ 4 , 10-12^, 
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and 20//. This may he taken as their ^^reatest diameter, 
for after this they would be reckoned part of the conduct¬ 
ing tissue. 

The assimilating cells vary very little in diameter, being 
about 4-6 X 3-4// near the apex, and rarely rising above 
8 X 3-4// in the lowest regions just above the basal disc. 
Their longest diameter is generally parallel to the longi¬ 
tudinal axis of the whole row of cells. 

I'he increase in thickness of the lower regions of the 
shoot is brought about not by the addition of thick layers 
of assimilating tissue, as is the case with Fhyllophora 
llrodhvi The assimilating layer in ChondruH is 20-25// 
dee23 in a flat frond of about 350// in thickness, but in a 
frond which was 840// thick, the thickness of the assimi¬ 
lating layer was only 25-30//. The increase in thickness 
is in fact due to the assimilating cell rows forming new 
cells at their tips, whilst their inner c,ells gradually pass 
into tJie collecting cells, and these gradually pass into the 
conducting cells. The increase in tliickness is noticeable 
ill the central tissue ojily to any extent. It is taking place 
here at the exjiense of the outer layers, which are, how¬ 
ever, continually being renewed by the formation of nevr 
cells at the tips of the rows of assimilating cells. 

It is probable that a good deal of sliding of cells occurs 
as the growth in length takes place. The increase in 
length is probably caused not by the central cells actively 
growing in length, but by their being drawn out passively 
during the active lateral extension of the assimilating 
layer. But frequent longitudinal slits have failed to indi¬ 
cate in what way tension is distributed in the tissues. 

The central tissue is very well separated by the 
filamentous nature of its constituents in the younger parts 
of the shoot, but in older parts it assumes more and more 
a pseudoparenchymatous appearance. this change the 
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tissues become firmer and the shoot, as a whole, is there¬ 
fore much strengthened in these older parts. The walls 
of the conducting cells are very much thicker and firmer 
in the older pari of a shoot than in the younger one. 

2. -Anatomy of the Hoot. 

The basal attachment organ, or the root part of tlie 
whole plant, does not show any differentiation into the 
three tissues met with in the shoot. It forms a flat plate 
of tissue, from which the upright shoots arise. Its out¬ 
ward form depends entirely on the nature of the sub¬ 
stratum to which it is attached. It is thickest, however, 
at the points from wliicli the upright shoots arise, and it 
becomes thinner towards its margin. The lower surface 
of the attachment organ penetrates into all the numerous 
ei'ovices of the lock in order to firmly fix the plant. 

The cells nearest the substratum, forming what might 
be called the Attacliment Layer,are of very varying 
shape, and are very irregularly arranged. Their position 
and shape depend on the varying minute nature of the 
substratum. They liave thick walls, and form a layer of 
cells touching the surface of the rock which may be two 
or three cells deep. But in cases where they have pene¬ 
trated into and completely filled out some small hole, they 
may form a mass of thick walled cells, connected only by 
small but very firm strands of much elongaied cells to 
the main mass of the root (fig. 9). 

The greater mass of the root tissue proper is made up 
of very regularly arranged rows of almost square cells, 
which run more or less at right angles to the surface of 
the whole attachment disc. These rows of cells are, strictly 
speaking, always slightly curved. At the point where 
a shoot arises they have a convex side turned towards the 
lower end of the shoot, passing finally into and adopting 
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the (Mirvo of <he assiinilating filaments of the slioot. Then 
again, near the periphery of the whole attachment organ, 
whore the latter is still very thin, the curved rows of cells 
have their convex sides turned towards the margin. Seen 
in surface view the cell rows are observed to grow out in 
a fan-shaped fashion towards the margin. 

The growth of the lows of cells is here mainly, if not 
exclusively, a]jical. Transverse divisions in the apical 
cells are common, longitudinal at the most extremely rare. 
The ujiright rows of cells will be seen to be completely 
undivided (fig. 10). 

The whole attachment disc grows in circumference by 
the formation of new- row’s near the margin. But it grows 
in thickness by the elongation through apical cell forma¬ 
tion of the old cell row’s. The cells once formed do not 
change their form and size to aii}^ great extent, as soon 
as they have attained their full size, about '3 to 4 cells 
behind the tips of the filaments. 

The wdiole plant is covered by a protective membrane, 
w’hich is not. very thick in older shoots, but is very 
distinct near the apex of a shoot. It becomes a very deep 
layer in certain parts of the basal attachment organ. On 
either side of the insertion point of an upright shoot, it is 
usually very well developed. It is here produced by 
successive layers of w’all substance being separated off 
from the apical cell of each filament (PI. III., fig. 10). 

The cells of the attachment organ are usually full of 
starch. They are reddish in colour, but the latter is not 
as dark as in the assimilating cells of the upright shoot. 

d.—Histology of the Shoot. 

The cell walls of the central cells are not very thick 
when examined fresh and in sea water (PI. II., fig. 8). 
Thejr do, however, swell up very much in spring watey 
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or in dilute glycerine. One can distinguish three layers 
in the cell walls, which are best differentiated in case of 
conducting cells; when a longitudinal section is stained in 
luBmatoxylin and mounted i)i dilute glycerine. 

The middle lamella is seen to be fairly tlii?!, but can 
nevertheless be well made out. It is common to all cells. 
Each cell is surrounded by a wall, wbicli lies immediately 
inside the middle lamella, and dees apparently not swell 
up very much in water. Then follows an innermost layer, 
which is in its turn lined by the protoplasm. This layer 
shows a very distinct coneeutric stiatitiealion, and is 
apparently most affected by fresh water. It swells up 
very much indeed. 

With regard to the })rotoplasm inside the cell wall very 
little can he said. It consists of the cytoplasm, and con¬ 
tains a roundish nucleus, one or more plastids, starch and 
vacuoles. The cyptoplasm never occupies a very large 
space of tlie cell cavity. The latter is usually taken up 
hy one or more large vacuoles. The cytoplasm of the 
larger central cells consists merely of a very fine mem- 
hrane, which lies between the vacuole and the cell wall. 
No fine partitions founed by cytoplasmic lamelhe can be 
seen stretching across the vacuoles. 

In the outer collecting, and still more in tlie assimilating 
cells, the cytoplasm appears as a slightly frothy liquid. 
Fine lamellte are seen to stretch across the vacuoles. It 
must, however, be understood that the frotliy appearance 
of the cytojilasm so easily seen in many algse affords no 
indication as to its ultimate structure, as is so often 
supposed. 

It has already been mentioned that the large central 
conducting cells are in communication with one another 
by means of pits. The pit membranes are thin portions 
of the wall which do not swell up in water or glycerine, 

C 
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Their position, therefore, becomes very apparent if wo 
allow the other j)oriions of thi' wall io swell np. 

The inuermosl ol‘ the three lay(*rs, of which the cell 
wall is composed, do('s not ap])arejitly take any part in the 
formation of the })it, except by its being interrupted at 
these points. 

The large ])its of the central conducting cells have on 
either side a cap, which is most likely ot' protoplasmic 
origin. Idie cap is a short cylinder, th(‘ one open end of 
which (tig. 12, Id) overlies the pit membrane, with which 
it is co-exteiisive. At its other end the cap is closed, a small 
depression being noticed in the centre of the wall. It is at 
this depression that the cyto])lasni is most firmly attaclied to 
the cap. This depression corresponds witli the thinnest 
portion of the pit membrane. In younger cells nearer the 
growing point the caps on the sides ot the ])its in the 
central tissue are not so marked. Tt is from observations 
made in such parts that tlie protoj)lasmi(! origin of the 
cylindrical caps is made likely. The sides of the cylinder 
are seen to he eoiitinuous with cyto]>Iasmic strands. They 
seem, in fact, to be hardened portions of the 
cytophisni. 

Owing to tlip complete absence of any hard woody tissue 
in the thallus of Chondrus crisjjus, it seems very probable 
that tliese hard caps liave the important function to per¬ 
form of jireventing the collapse or closing up of the open¬ 
ing on either side of the ])it. 

The cells of the collecting tissue usually have smaller 
pits, which may or may not be devoid of any cap-like 
structures. The pits connecting the assimilating cells are 
usually quite unprotected, but nevertheless form clearly 
marked thinner portions in the separating cell wall. 

The Plastids met with in C/iondrus crispus occur in two 
different forms, namely, as rhodoplastids and as leueo- 
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plastids. Both these are, liowever, only modifications of 
the same organ. 

The Rhodoplastids are best developed in the assimilating 
cells (fig. 14, 15). They are seen here to be of a dark red 
colour. The red colour is made up of a mixture of cliloro- 
phyll and phycccrythrin, the latter completely obscuring 
the former. The latter may also be extracted by sub¬ 
mersion in fresh water for some time, prefei'ably in warm 
water. The plant will remain green, the chlorophyll 
being insoluble in water. 

The outermost cell of the assimilating filament has a 
very small rhodo])lastid. The latter is represented by a 
very much reduced flat structure, which fits into the outer 
end of the oval shaped cell. The remaining part of the 
cell appears colourless. The other assimilating cells 
possess very well developed dark red rhodoplastids. They 
form here cylindrical plates, which line two or three oi‘ 
even all the radial walls, and sometimes even the outer 
tangential wall. They do not form a closed cylinder, for 
they arc o])en along one side. Each cell here contains 
only one rhodoplastid. 

The Rhodoplastids are well developed in these assimi¬ 
lating cells, but as you pass on to the collecting cells, 
they gradually change. The red colour becomes fainter, 
they get drawn out and become very finely divided. When 
we get nearer to the conducting cells, the rhodoplastids 
have become almost invisible. Very finely divided 
narrow strands are seen of a very faint pink colour. These 
are the plastids. The fine strands are interrupted here 
and there by rather larger and more deeply stained masses. 
Finally in the most central of the conducting cells the 
finely divided rhodoplastids have disappeared, their place 
being taken by small roundish leucoplastids. These are 
almost colourless, but often show a very faint greenish 
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tint. These leucoplastids, of which a great many are 
often found in each cell, have been derived from the 
typical rhodoplastid of ihe assimilating cells. 

The LeucoplastidB of ihe conducting cells and the faintly 
coloured rhodoplastids of the colleding cells are both very 
active in depositing starch. Starch is never noticed in the 
assimilating cells. 

The starch grains take the form of tialtened discs. 
They staiii brownish when treated with iodine. The 
tloridean starch is slightly different in its reaction after 
treatment with iodine from tlie starch of the potato, the 
grains of wJiich stain blue with iodine. 

4. -Ffisiology of the Root. 

The histology of the root calls for no special remarks. 
Tlie cell walls do not swell up much with fresh water. 
Tlie pits also are not of the same large form met with in 
tlie shoot. 

The eel Is of the root are found to be quite full of starch, 
which by its presence almost completely obscures the 
rliodoplastids. The root organ is clearly red, but the red 
plastids are hardly visible. They are a])parently finely 
divided, consisting of darker red masses, which are con¬ 
nected with one another by faintly coloured strands. 

C.—Physiology of the Yegetative Organs. 

Under the heading of Physiology, reference may be 
made to the functions of the three tissues of the shoot. It 
is, as already mentioned,^ to their supposed physiological 
function that they owe their names. 

The Assimilating Cells are obviously correctly named. 
Assimilation is conducted by means of the rhodoplastids. 
The fixation of carbon dioxide and the subsequent elabora¬ 
tion of complex organic from simple inorganic compounds 
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may be assumed to be going on through the activity and 
under the influeiice of' the rhodoplastids. Xotliiiig detinite 
however is known concerning the importance and function 
of the phycneiytlii’in in the rhodoplastid. 

The rliodoplawtids in the assimilating cells are on the 
whole well developed and of a dark red colour. The 
apical cells of these assimilating rows have, however, only 
a very small rhodoplastid each. This is a general rule, 
and it may be due to the fact that these apical cells are 
actively growing and dividing. 

The substances built up are apparently removed very 
rapidly to the next inner cells away from the assimilating 
tissue. This lather, at any rate, eoiitains no traceable 
quantities of starch. The food substances are in fact pro¬ 
bably collected by the collecting cells from the outer 
layers, and are then ])assed on to the large conducting 
cells. They are then stored or passed up or down the 
shoot, according to the direction in which any part of the 
plant in need of food may draw them. 

A certain faint red colour may often be detected in the 
finely divided rliodoplastids of the collecting and of the 
conducting cells, but it is impossible to say whether it 
enables assimilation to be carried on. In the centre of 
the shoot the red colour has disappeared, and in place of 
one red rhodoplastid we get numerous very faint green 
leucoplastids. 

Starch is found very abundantly in the collecting and 
in the conducting cells. Both these tissues, therefore, 
probably act as storing tissues. 

In the root organ the cells are all found to be full of 
starch. The root is evidently a very important organ for 
the storage of food. It is not likely that assimilation is 
going on very actively in the root. The rhodoplastids are 
faint in colour and very finely divided. 
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The whole structure of Chondrus crispus is veiy typical 
for a water plant. No hard tissues and no special water 
conducting cells are found. The plant as a whole is not 
able to keep itself upright except when in the water. The 
arrangement of tlie tissues is such that the plant is flexible, 
but not very elastic. The shoot is bent to and fro by the 
waves and the tides, but owing to the substance being very 
tough the shoots are very rarely torn off the substratum. 
Chondrus crujms^ is, in fact, very rarely found in the 
entangled masses of seaweed which are thiown on to the 
beach after a gale. 

D.— The Eeproductive Organs. 

The reproductive organs of Chondms crispus are fairly 
well known. 

Vegetative reproduction seems to play practically no 
part in the life of marine plants. If it does occur in 
isolated cases it certainly plays no important part in the 
general biology either of the red algse in particular or the 
sea in general. The power of reproduction is, in the case 
of Chotidrus crispus^ confined to special cells or spores. 
These may be produced asexually and sexually. In the 
former case, they are called ‘‘tetraspores.’’ In the latter 
they are known as carpospores,’^ which are the ultimate 
products of the fusion of the male nucleus of a “ sperma- 
tium ” with the female nucleus of the “egg cell,'’ This 
fusion—or process of fertilisation—has never actually been 
observed in our plant, but may safely be assumed 
to occur. " 

The nemathecia, the organs which produce the tetra- 
spores, the antheridia giving rise to the spermatia and the 
procarpia which harbour the egg cell, are never met with 
on the same shoot. It is impossible to say from the 
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obsieryations to liand as yet vvlietber tlie shoois bearing 
difiPereni reproductive organs are borne on the same root. 
It is bigbly probable, however, that they arc not. 

1.—The Xematheciiini. 

The tetraspores are foimed in great numbers in certain 
younger portions of the frond. They make their 
appearance during the winter mouths, probably from 
December to March. When held to the light slightly 
oval but eloiigaled dark spots may be seen near the apical 
and younger ])ortions of the frond. These darker portions 
may be accompanied by a slight bulging out of the assimi¬ 
lating layers, but this is never very marked. Each dark 
part is a iiemathecium, containing tetraspores (tig. 19). 

In a loagitudiual or in a transverse section (fig. 20), 
through a nemathecium the dark colour of the latter is 
seen to be due to a dense and rather irregular mass of 
small round cells, Tliese may be the finished tetraspores, 
or their mother-cells. Each mother-cell gives rise to four 
tetraspores—hence their name. 

The whole iiiiernal tissue of the nemathecium consists 
of irregular rows of cells, which on the one hand join on to 
the collecting and a few of the conducting cells, and on 
the other hand pass into the assimilating layers (fig. 21). 
It is, however, before they enter the latter that their cells 
swell up at the expense of the neighbouring cells, which 
have a large store of starch. 

When these cells have attained a certain size they 
divide into four cells each. They are, in fact, the tetra- 
sporangia or mother-cells of the tetraspores (fig. 22). The 
original cell-rows are at first easily made out (fig. 21), but 
gradually the cells by their growth exert a certain amount 
of pressure in all directions and the regularity of the cell 
rows is disturbed. The surrounding sterile cells gradually 
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give uj) all their store of food material, and finally collapse 
almost entirely. The tissues never break down entirely, 
but they do get fairly loose when the spores escape on 
maturity. 

The division of the protoplasm in the spore mother-cell 
takes place by the formation of several walls, but always 
in such a way that the resulting four tetraspores are 
arranged either in oiie plane round a common point, or in 
the fashion of a pyramid of four billiard balls, or in two 
pairs, the wall separating the two spores of one pair 
running at right angles to that of the other pair. The 
spores are said to have been formed by cruciate division. 

The tetraspore is, on its escape, found io be a round, 
non-motile and naked reproductive cell, which soon after 
its escape is surrounded by a firm cell wall. It contains a 
large amount of food material, starch forming an im¬ 
portant constituent of the latter. The protoplasm of the 
spore is also seen to include a rliodoplastid. The latter is 
rather difficult to make out, owing to the large amount of 
starch present. It seems to be of the form met with in 
the old cells of the conducting tissue of the shoot. It 
consists apparently of larger and darker portions regularly 
distributed just inside the cell wall of the spore, and these 
are connected by fine strands. Fresh tetraspores, fixed 
with iodine, were heated and mounted in glycerine jelly. 
They then showed the rliodoplastids—now quite green— 
and their ramifications very well. 

When it has escaped, the mature tetraspore is probably 
able to proceed to germination at once. How soon it starts 
and how rapidly it continues to grow in nature it is still 
impassible to say. Probably it starts very soon. The 
tetraspores have not the appearance of resting spores. 

By employing a method, which gave me good results 
when applied to the tetraspores of Actinocoems 
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taneus, the small parasite living on Phyllopliora Brodicei, 
I was able to germinate some tetraspores of Chondrus 
criH 2 )us, Tlic latter were dredged near Kiel, in tlie Baltic, 
and sown in a sea-’svater cnlturc in the [botanical Institute 
of that University. 

Small portions of parchment paper w’ere first thoroughly 
soaked for a lengthy period, up to six hours, in running 
water, so as to remove any acid present. The pieces of 
parchment were of a size to be conveniently put on to a 
glass slide, and covered with a large coverslip for purposes 
of microscopic^al investigation. These strips of papej’ were 
j)ut on to the bottom of small glass ti‘oughs2" X 3" x 0" 
being a convenient size. The trouglis were filled with 
fresh filtered sea water, and kept in a cool and fairly dark 
place in the Laboratory. For the first two or three weeks 
constant attention must bo paid to the condition of the 
w^ater in the cultures. The water must removed imme¬ 
diately on the appearance of the slightest milkiness, the 
outward sign of bacterial activity in connection with some 
dead organism. A number of cultures sJiould always he 
set up, as some will always succumb to some adverse 
circumstance. 

A portion of a fresh frond bearing a nematheciurn may 
be placed, as soon as obtained, on one of the strips of 
parchment in a culture. After a certain time the spores 
will be seen to have escaped, and to be lying about on the 
parchment. The frond may now be removed, the spores 
remaining in the culture. 

When the spores begin to germinate the strips of parch¬ 
ment can be put on to slides and be examined with the 
microscope. They must be kept supplied with plenty of 
fresh sea water, and be guarded against too strong light. 
They may not be kept out of the cultures too long. A 
coverslip may be employed, but with great caution. 
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If tte water in tlie cultures is once quite clear, it only 
wants adding to very occasionally. 

In the case of Chondrus crispvs, I observed that the 
tetraspore underwent division without at first growing very 
much in bulk (fig. 27, 28). Then, how'ever, after having 
formed a small liea]) of cells, which are all very much 
smaller tliaii the original tetras])ore, loiigish filaments 
seem to be formed (fig. 29). These consist at first of 
unbranched single rows of cells, finally the commence¬ 
ment of the formation of flat plates has been obsei ved, and 
in the end no doubt a normal Hat attachment organ is 
formed, from which the upright shoots arise. I have not 
however been able to follow out the growth of the 
germinating tetraspore to tliis stage yet. 

2.—The Spermopliore. 

The spermatia or male cells are found on young portions 
of tlie faond. Idle latter are temporarily modified only 
for tliis purpose. Later on they evidently again take on 
the functions and the structure of an ordinary vegetative 
shoot. They have been called spermophores (fig. 80. 31). 

Tlie s])ermophores of Chondrus n-ispus arc small and 
narrow^, slightly Hattened leaves. They appear white 
owing to the fact that the rhodoplastids of the assimilating 
layers are but poorly developed. Tliej^ are 3-4mm. long 
and barely 1mm. broad. 

Tlie general structure of the spermopliore does not differ 
from any ordinary young portion of the thallus. The 
difference lies in the nature of the last few cells of the 
assimilating filaments. The last two or three cells appear 
to be colourless owing to tlie rhodoplastid, though present, 
being very much reduced. These two or three cells 
together form an autheridium, or male organ. The last 
cell of the row, the spermatangium, gives rise to one 
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apermatium, or male cell. This escapes as a colourless, 
small round cell, devoid at first of any cell wall, with a 
diameter of 4-5m. It is non-motile. A fragment of a 
plastid seems to be present in the spermatium, but this is 
not revealed by any appearance of colour. 

When the spermatia have escaped they cease developing 
any further till they come in contact with the female organ 
or carpogonium. 

The antheridia form a layer, which extends over almost 
the entire surface of the spermophore, hence the white 
appearance of the latter. The spermatia are found to be 
mature between October and December. 

3.—The Caipophore. 

The development of the female cell of Chondrus crispus 
has not yet been made out properly. The following 
account of its development and structure is based, there¬ 
fore, on the few' established facts, and on our knowledge 
concerning the state of affairs in nearly allied genera. 

Oertaiii portions of the upright fronds take on the 
function of carpophores, wdiich (‘any the female organs. 
They are first very short, being barely l-2mm. in length. 
In this condition they show various characteristic struc¬ 
tures. The central conducting tissue is seen to consist of 
slightly elongated cells filled with starch. These cells are 
destined to play an important part later on in the forma¬ 
tion of reproductive cells. In the assimilating layer certain 
of the cell rows, instead of carrying out their normal func¬ 
tion, have developed into procarpia, of which the carpo- 
gonia form parts. Each procarp consists originally of four 
cells (fig. 36). The large basal cell is seen to be con¬ 
tinuous with the collecting cells stem inwards. Further 
outwards it is continued into the two intermediate cells, 
and finally the one celled carpogonium. This consists of 
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a swollen lower portion, wliieli contains the egg cell and 
an U])per and sliglitly drawn out ])art called the triclio- 
gyne, which projects beyond the outer limits of the assimi¬ 
lating layers into the surrounding water. The trichogyne 
is the rece])tivo oigan for the egg cell. The spermatium 
becomes attached to the trichogyius but only in a very 
few algae has tlic fusion of tlie male nucleus of the sperma¬ 
tium with the female nucleus of the egg cell been 
observed (fig. 30). 

Shortly before the supposed fertilisation the large basal 
cell has a small cell cut otf called the auxiliary cell. The 
procarp at this point therefore consists of five cells. 

After fertilisation tlie trichogym^ is cut off from the 
fertilised egg cell by a complete closing up of the passage 
between the trwo divisions of the carpogoiiium. The tri- 
ohogyne, now functionle.ss, soon withers away. 

The fertilised egg cell—the oospore—now grows out, 
and forms a protuberance in a direction towards the 
auxiliary cell. This outgrowth is a spoiogenous hypha. 
Its contents fuse with the contents of the auxiliary cell, 
but as far as has been observed in other eases no fusion of 
nuclei takes place. The sporogenoiis hypha has only been 
fed by the auxiliary cell. hrom the auxiliary cell a 
number of filaments now grow out. They are, however, 
only continuations and branches of the sporogenous hypha 
just mentioned, and represent sporogenous liyphoe the ni¬ 
sei ves. They grow towards the starch-laden collecting 
cells. These filaments are long-celled and very thin. In 
their course they form .secondary pits with numerous 
ueiglibouring collecting and conducting cells. When they 
reach the latter they draw on their large store of food, and 
finally give rise to the carpospores. The end cells of short 
branches arising from the sporogenous hyphae, or their 
last two or three cells give rise each to one carpospwe. In* 



29 


llie end the car]>ophoro contains a mass of loose carpo- 
spores embedded in a muvss of exhausted slerile cells. The 
mass of carpospoves forms the cystocarp. 

The mature carpospore is not unlike the mature tetra- 
spore. It is roundish, and at first unprovided with a 
definite wall, which, however, it very soon acquires. Its 
contents are very dense, a large amount of starchy food 
being present. The general colour of I he carposj)ore is 
red. This is due to the preseiu'e of a rhodoplastid, which 
oecurs in a very nuudi divided foim. 

The whole mass of carposporcs forms a faii'ly large 
cystocarp, whicdi causes a very marked bulging out of the 
outer assimilating layers of the •eai*po])ho]e. Jii ibis way 
the latter may be distinguished from a frond bearing 
nemathecia. 

What the fate of the cm‘j)ospo]es is, we do not know. 
Presumably they soon germinate, and thus give rise to 
new plants. 

Our knowledge eoncerniiig the development of the 
sexual organs of the Khodophyccie is still in a very 
uiisatisfaetoiy condition. The botanist wiio wishes to 
obtain any definite results in ibis connection must, how¬ 
ever, live near the sea for a lengthy period, and have a 
sufficient amount of time at his disposal to carry out 
extensive and careful continuous observations. 

E.—Ecology. 

As a species Chondrus crisjms is found to be fairly 
widely distributed, being common on the shores of the 
northern Atlantic Ocean. It forms one of the commonest 
plants on the seashore iii the L.M.B.C. district—in fact, 
along the whole British coast, as long as the substratum 
is hard rock and the water is clear, It is a species which 





grows best in the temperate zone. I have no doubt that 
the distribution of the species of marine algae depends on 
the same faclor as that of terrestrial phanerogams. The 
limits of the distribution of phanerogamic species as a 
rule coincide roughly with isothermal lines. 

The distribution of the plant form represented by 
Chou (Inis crisjms in any given small district is dependent 
not on the temperature, but on quite different factors. It 
is impossible to say as yet fully what these factors are. 
The following account is therefore only short. 

To begin with, it may be stated that a firm sea bottom 
is generally necessary for llie growtli of algae in general. 
Stones which roll about with every tide never bear red or 
brown seaweeds, at the most only a few green ones. Sand 
is always quite barren. 

(Jortain algae occxir very regularly at certain heights 
above or below certain fixed levels. I have lately been 
fixing these heights for a few algae in Port Erin Bay as a 
preliminary to some more detailed investigations into the 
vertical distribution of marine algae. 

If we call the level of dead low-water mark of an 
ordinary spring tide 0, then we can divide the shore into 
a series of regions. We will begin from the highest point. 
Pelvetia cdnaliciilata extends from 12' to 17 ^ above O. These 
plants are often left exposed by the sea water for days. 
The highest individuals are often moistened only by the 
spray of dashing waves. 

Fucus vesimilosus extends from 3' to 13', but not in the 
same condition. In an uj^er region, 9' to 13' above 0, 
the plants are small, rarely fertile, and possess no vesicles. 
In the lower region the plants are normal. 

AscophyUum nodosum extends from 6' to 11' above O. 

Fucus serratus forms a very distinct region, 3' to 6' 
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Lanreitcia pinnatiMa begins at about 0' above 0, and is 
closely followed by Laminarui diffitata, 5 above 0. Lami¬ 
naria saccharina begins a low feet lower down. Sacchorhiza 
htilhosa and Alarii escnlcnfa still accompanied by Larni- 
naria saccharina and dlgitata, the latter having about 
reached its lower limit, are then inc4 with at about 
below 0. llaiidr/is siliqnosa is found at a still 
greater depth. 

These an* tlie cliief ])Iauts met with in descending from 
Uie highest lo the lowest watei‘-marks. 

The data mentioned so fai' refer lo plants wliich lie 
exposed on the surface of the rock when the tide recedes. 
It is important to men!ion this, as many plants I'ise to a 
greater height wlnm gjowing iji i)Ools. 

Laminaria digitata may lise to 9' above 0, and probably 
higher still in a pool. Exposed, however, its upper limit 
appears to be 4' lower. The plants at the former heights 
are much smaller than those growing exposed lower 
down. 

AVe can say that algie exposed when the tide recedes 
attain their best develojmient in size and reproductive 
powers in the lower ])art of the region to wliich they 
bfdong. As iliey rise to the U])per limits they become 
smaller. They may, liovcever, be found above tlieir 
normal limit in pools. The liigher pool plants are always 
smaller than the lower exposed ones. 

Chondrus crisjtus^ as a plant lying quite exposed 'when 
the tide recedes, extends from d' to 4' above 0 downwards. 
It has been actually observed to about} y' below 0. As a 
general rule the upper plants are shorter, broader and 
thinner (PL I., figs. 4,5), than the lower ones. The latter are 
stouter, very much longer, and the frond is divided into 
narrower lobes than are found liigher up. When growing 
in pools Chondrus crlspus has been found up to a height 
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of 9' above 0, being often fairly broad, but never very 
liigh. It is a plant which is completely exposed only for 
a short time. 

Little is known as to the reason why longer and shorter 
exposure causes a ditference in the habit of an alga. We 
practically know nothing about the distribution of and 
the meaning of the plant forms met with in algai. 

Long submergence in sea water is evidently conducive 
to increase in size and strength. This is possibly due to 
tlio necessity of providing for an increase in assimilating 
power. Tlie forms which are left exposed long become 
smaller and often rather close set. Plants with bladders 
are restricted to a limited area, which is probably exposed 
at every tide, but the significance of the bladders, from 
an ecological point of view, I have not yet been able to 
fathom. Ilalidnis siligvom occurs, with bladders, quite 
isolated, at great depths. 

8o far it can only be said that marine algse, as a whole, 
are at their best wlien least exposed. Certain species, 
however, by the possession of certain structural or other 
peculiarities are able to live in localities which must be 
considered less favourable. They \rere driven there by the 
strong conij)etitioii prevailing in better localities. Pelvetia 
ranaliciilata was i)robably unable to stand the competition 
of the moister parts of the sea shore, and was thereby 
driven to its present position. Many of the green alg® 
seem to be at their best in the higlier legions. A large 
amount of light seems to be necessary for their well being. 
Many Chlorophyceac seem to be quite indifferent to 
changes in the salinity of the sea water caused by an 
inflow of fresh water. 

The point of greatest interest is still to ascertain that 
factor, the influence of which the plants have to guard 
against during exposure. Is it the strong light, or is it 
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the danger of being dried np? T do not think that tlie 
latter can he very great. Even with a fairly strong wind 
and strong and waim sunshine, the large individnals of 
AacojtlnjUurn }io(/ostnn of the liigher regions can liardly be 
said to become really dry, when exposed Imtween tides. 
The upper ex})osed side may not be very moist, but the 
under side often lemaius quite wet. 

Nevertheless I think it will be found that moisture and 
light are. the two factors which have a hand in the shaping 
of the forms of algie. My ])reliminary investigations, 
carried out ovei’ a limited area, and during a short period 
only, certainly j)oint to this conclusion. 

One remarkable feature in the life of the marine alg0o 
is the way in which the reproductive cells will germinate 
ap])arently anywhere. The ])resence of a young algal 
germliiig is no indication that the locality is quite 
suitable for the adult plant. The reprodindive cells are 
very easily distributed, and aj)parently geiniinaie very 
readily almost anywhere, at least in ^ good many cases. 
Thus it is that the Hora of every locality is a voiy accurate 
expression of what competitioJi and local conditions have 
allowed to flourish. As a rule everytliing that has a 
chance in any locality will be found there. 

In this connection reference might be made to a few 
plants which I have observed growing on ChonJrus 
rris/jus. These are nearly all epiphytes. The only 
exception is Kntocladui viridis^ a green alga, which I 
occasionally found growing apparently i)ara8itically on 
our plant, penetrating in between the assimilating cell 
rows of the upright shoots. 

Some of the very numerous epiphytes met with 
belonged to the following species ; Rhodymenia 
palmatat Aaperococcvs compressns, Faatigiaria fiirceUata 
and species of Melohesia, Cladophora, Enteromorpha^ 
P 



Ceramium, Polysiphoniuy CaUithamidoUf Dermatocarpon 
and others. 

Not a few animals are also foniid on (liondrus crispua. 
FluMra gTows attacJuM] io llio fronds, whereas others, like 
Caprella linearis, and some of the Halaearini are found 
erawling* about on tlie upright slioois. 

(diondrits criiijHts is a pejeiiiiial plaiih The root goes on 
growing for several years, sending ii]) new shoots annually. 
(Considering the condition of things, which I have observed 
in the Baltic s])eries of PhyUophora, T do not think that 
a frond once separated from the basc^ can again attach 
itself. I have had detached individuals of PhyUophora 
niewlmni/folia and Produrl under observation in 
cultures continuously for several years. Tlie wound 
forme^d by the sejDaration would gradually heal over, 
hut no attempt would ])e made to form a new 
attachment organ. 

The rej)roductivo organ.s of Chondri/s erispus are formed 
during the winter. The reproductive spores probably 
germinate in the early summer. 


III.—(^ON(jLUl)ING KEMAllKS. 

Having survej-ed more or less in detail the develop¬ 
ment, structure and ecology of Chondrns erispns, I will 
now give a brief summary of what has been said in 
the preceding chapters. The summary takes the form of 
a full diagnosis. A diagnosis may include just enough 
information to distinguish any particular species from 
nearly allied forms. It is better, however, that it should 
include more. It should supply as complete but as brief 
an account of the species as possible, 
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Chondrus crispiis (L.) Stackh. 

SlNONYMY AND LlTEllATURE: 

Harvey, AV. H., Phycologia Britannica. 1846-1861. 
SyjLopsis 197 (i)late 63). A full account of tke 
Synonymy will be found liere. 

Hauck, F., llie ileeresalgen HeuisclilanJs luid Oester- 
reiclis, 1885, p. 134. 

Illustrations : 

Harvey, loc. cit., plate 63 (Syn. 197): general habit of a 
broad and a narrow form; transverse and longitu¬ 
dinal see I. ions of the stem ; general view and section 
of nemathecia. 

Hauck, loc. cit. p. 134, hg. 63: habit of plant with 
cysto(;arpia and nemathecia, with sections of both. 

Murray, H., Intioductioii 'to the study of seaweeds. 1895. 
Plate AH., fig. 3. 

Wille, N., Entwickelungsgeschichte der physiologischen 
Gewebesysteme bei einigeii Florideen. 1887. 
JVov. Act. Leop.-Carol. Vol. 52, n. 2. Plate A^II. 
fig. 70, 71. Anatomical details. 

Exsiccata : 

N’early every published collection of di ied marine algse 
contains specimens of this species, so that it is 
unnecessary to quote here a lengthy list. 

Remarks. —The Synonymy of Chondrus crispus is very 
straightfoi’ward. Harvey refers to certain repro¬ 
ductive organs, which he calls ‘‘ prominent tubercles 
(nemathecia),’’ and which are certainly not 
nemathecia in our sense. Nothing in Chondrus 
crispus^ in fact, corresponds to these prominent 
tubercles. Murray refers to the spermatia as 
pollinoids. I see no reason why the term sperma- 
tium should be replaced by pollinoid, especially as 
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it has nothing whatever to do with the pollen grain. 
The forms and varieties mentioned here and there 
in the literature are of no special value. 

Diagnosis : 

Thai 1 us, consisting of root and shoot. Roo-t, a flat, hard, 
reddish disc of irregular outline, made up of very 
regularly arranged \cells of very uniform size and shape. 
Shoot, upright, 15'lTcm. high; nairow or slightly 
flattened stalk: frond re])eatedly forked and divided into 
very much flattened and 'thin lobes; internal conducting 
cells elongated, loose, hyphal in younger parts; more 
external and small collecting cells leading into external 
rows of assimilating cells, eacli containing one rhodo- 
plastid. 

Nemathecia, slighUy prominent dark red spots on young 
lobes; sporangia in rows; tetraspores roundish, formed by 
cruciate division; mature Decembei’ to March; in ger¬ 
mination the spores divide into a number of cells before 
increasing in bulk. 

Spermophores, small, narrow, white leaves on apical 
maigins of frond; antheridia formed by two or three 
outer cells of assimilating layer; spermatangia produce 
one spermatium each. Mature October to December. 

Carpophores, small leaflets on frond; procarpia just 
inside assimilating layer; basal cell, cutting off auxiliary 
cell before fertilisation, two intermediate cells, carpo. 
goniuin and trichogyne; sporogenous hypha of egg cell 
fuses with cytoplasm of auxiliary cell, and numerous 
sporogenous hyphae grow out towards the central starch- 
laden cells of the carpophore, fusing with them and pro¬ 
ducing carpospores; cystocarps forming prominent dark 
red patches on the frond; carpospores roundish. Mature 
December to March. 
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Habitat. —^Roeky sea bottom, in clear water, very rarely 
epiphytic on other algsp ; low-water mark. Very common 
in the district. 

Distribution.— Atlantic shores of northern hemi¬ 
sphere. 

Economics. —It might be mentioned here—although the 
point is of no interest boianically—that C'hoinlrus rrisj>us 
was formerly often used, and—am credibly informed— 
is still occasionally used, in the making of jellies. It is 
known as Irisli ALoss, (vr carragheen, by chemists, and w'as 
supposed to be useful against consiim])iiou. 


In Conclusion, I would like to say that it is most im¬ 
portant that tlie student, \vho has worked through 
Chondrus should examine a number of other red 

algae. 

If staying near the seaside, seaweeds should be collected 
and carefully examined. Drawings sliould be made of a 
few anatomical details and of the reproductive organs. 
An attempt should be made to name the specimens 
collected. It may often be impossible for the beginner to 
determine the species, and he must be content if he can 
ascertain the genus to which it belongs. If he also fails 
in the latter, the material, together with the drawings, 
should be laid aside for future reference. 

Unfortunately we are very badly off at present for any 
book on the Rritish Algje The very good Phycologia 
Britannica of Harvey was published in 1871, and is there¬ 
fore very much out of date. Its illustrations are, however, 
as a rule veiy good, and the student can use it as a 
beginning. But many of the generic and specific names 
have changed since 1871, and a very large number of new 
species have been added to our flora. 
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A British Marine Flora is being compiled, but no date 
for its appearance has, I have been kindly informed, as 
yet been fixed by its author. 

The works by Murray and Hauck quoted above may be 
of some help, especially the former, alihough it treats of 
foreign as well as Bjitisb maiine algrc. It coniaiiis a 
short list of l)o()ks and atlases of algological interest. 

Vol. L, part 2, of Engler and Prantrs “ Die Js'aturlichen 
Pflaiizenfamilien,” which treats of tbe algie, is a very 
useful book to consult. By the aid of this the beginner 
may often be able to determine the genera. 
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DKSClllPTIOX OF THE PLATES. 

Platw L: TTik Gkxkual H.vbit. 

Fig. 1. A typical of low-watcj' mark. 

Fig. 2. A"arrow form, low-water mark. 

Fig. B. Proad form, low-water mark. 

Fig. 4 and 5. liroad forms, high-waler mark. 

All Ihese s])ecimens, drawn natural size, 
were collected in Pori Erin Pay, between llie 
Ihth and lOih of JMay, 1001. 

Plate 11.: Anatomy of the Shoot. 
Longitudijial section of frond a})e\, mounted in 
glycerine jelly, x .‘{OO. 

Longiludina! section of a young frond a short 
distance from a])ex, mounted in glycerine jelly. 
xlOO. 

Longitudinal section of older part of frond, 
examined in fresh sea water. x .‘{90. 

Plate III.: Anatomy of the Root. 

Fig. 9. Perpendicular sectio-n through the I’oot and the 
insertion of two upright shoots. The central 
tissue of the latter is seen to end in the attach¬ 
ment organ in a conical form. The root has 
attached itself to the rock by aiichorlike out¬ 
growths. X 54. 

Fig. 10. Perpendicular section through the upper layers 
of the attachment organ mounted in glycerine 
jelly. Notice the regular and unbranched cell 
rows, and the series of caps which have been cut 
off by the tip of each )’aw towards the surface. 
X1075, 


Fig. (1. 
Fig. 7. 

Fig. 8. 
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Fig. 11. 


Fig. 12. 


Fig. l:{. 


Fig, 14. 


Fig. If), 


Fig. 1(). 


Fig. 17. 
Fig. 18. 


Fig. 19, 


SeciioTi ill the same direction of the regular cell 
rows of the inner tissue of tlie root, mounled in 
glycerine jelly. xl075. 

PiATE IV. : Histology of the Shoot. 

A central cell from the longitudinal section of 
an old shoot, stained witli lisRmatoxylin, 
mounted in glycerine jelly. The middle 
lamella, the darker portion of the cell wall, 
which lias noi swollen up, and the lightei* and 
stratified inner cell wall, which has swollen up, 
may h(‘ distinguished. x 1075. 

Large ])it between two central cells in ojilical 
section ; on tlie left the same in end view. 
Mounted in glycerine jelly, x about 0000. 
The apical (smaller) and next inner cell of an 
assimilating cell row. The former has a 
smaller rhodoplastid than the latter. Fresh 
material, x about 4(K)0. 

Transverse section across an inner assimilating 
cell. The rhodoplastid lines the wall. Fresh 
material, x about 4000. 

The much-divided rhodoplastid of an inner 
collecting cell. Starch is being formed hero 
and there. Fresh material, x about 4000. 
Leucoplastid from a conducting cell. Fresh 
material, x about 3000. 

Starch grain,-seen from its broadest (a) and its 
narrowest side (b). Examined in iodine and 
glycerine, x about 3000. 

Plate V.: The Nematheciitm. 

Habit of a plant bearing nematbecia. x 2, 
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Fig. 20. 
Fig. 21. 

Fig. 22. 


Fig. 23. 

Fig. 24. 
Fig. 25. 
Fig. 20. 


Longitudinal section of a frond containing a 
nematliecium. x 43. 

Section showing the undivided spore mother- 
cells lying in rows, which are continued into 
the assimilating filaments. Fresh material. 

X1075. 

Mass of divided tetrasporangia, surrounded by 
the sterile cells in a nemathccium. Fresh 
material, x lt)75. 

Form of cruciate division of a sporangium. 
Diagrammatic. 

Another form of the same. Diagrammatic. 

Another form of the saino. Diagram in a tic. 

Singlv^ free tetraspore. It is filled with food 
material: the darker portions represent parts 
of the mucli divided rhodoplasiid. x about 
3000. 


Plate VL: The Nemathecii m and the 
Spermophore. 


Fig. 27. 
Fig. 28. 
Fig. 29. 


Fig. 30. 
Fig. 31. 
Fig. 32. 


Free tetraspore, some time after its escape, and 
surrounded by a wall. In glycerine jelly x 1075. 
A tetraspore, having germinated to four cells. 
In glycerine jelly, x 1075. 

Germinal product of a tetraspore forming a 
rhizoid-Jike outgrowth. In glycerine jelly. 
X 1075. 

Frond bearing spermophore at its tips, x 2. 
Two spermophores. x 12. 

Outer layers of the tissue of a spermophore. 
The assimilating cell rows end in antheridia. 
The last cell of each antheridium, the sperma- 
tangium, gives rise to one spermatium. In 
glycerine jelly, x 1075. 
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Plate \'1I.: The Carpophore. 

FtoilI Poariiio' sovoral cysiocarps. x 2, 

L(>n«»i<udinal section of a carpophore, siiowiii^ 
I lie spoie mass of tin* cvstocai*}) hulj^iiig* out. 
X 4:*) 

(xroiij) of carpospoies surrouiided liy iiumeious 
si (‘rile c(dls. Idle two lowest ajc shown with 
dark s])ols, whicdi i(‘]>r('sent portions of the 
hmdy divided rliodoj)lasti(L x 1(175. 
])iagianimatic view of lh(‘ piocai*]). Fhe singh‘ 
aj'iow line s])ows th(‘ s])orogcnous hy])lia grow¬ 
ing* out from the hutilised egg cell. Tiie thiee 
airow lines ijidicate tlie coinse adopted by the 
st'veral s])orog’(‘uoiis hyplue growing out from 
the (uixiliaiT colt towards the nourishiiiR’Veils 
of the cejilre of the carpOj)horo. 


Tiuliug and CJo., Printci's, .W, Vict<iria Street, Livcruool. 
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